Several lines of evidence indicate that tachykinin neuropeptides [substance P (SP), substance K (SK), and neuromedin K (NK)] play a role in regulating the inflammatory and immune responses. To test this hypothesis in a human inflammatory disease, quantitative receptor autoradiography was used to examine possible abnormalities in tachykinin binding sites in surgical specimens from patients with inflammatory bowel disease. Surgical specimens of colon were obtained from patients with ulcerative colitis (n = 4) and Crohn disease (n = 4). Normal tissue was obtained from uninvolved areas of extensive resections for carcinoma (n = 6). In all cases, specimens were obtained <5 min after removal to minimize influences associated with degradation artifacts and were processed for quantitative receptor autoradiography by using '2I-labeled Bolton-Hunter conjugates of NK, SK, and SP. In the normal colon a low concentration of SP receptor binding sites is expressed by submucosal arterioles and venules and a moderate concentration is expressed by the external circular muscle, whereas SK receptor binding sites are expressed in low concentrations by the external circular and longitudinal muscle. In contrast, specific NK binding sites were not observed in any area of the human colon. In colon tissue obtained from ulcerative colitis and Crohn disease patients, however, very high concentrations of SP receptor binding sites are expressed by arterioles and venules located in the submucosa, muscularis mucosa, external circular muscle, external longitudinal muscle, and serosa. In addition, very high concentrations of SP receptor binding sites are expressed within the germinal center of lymph nodules, whereas the concentrations of SP and SK binding sites expressed by the external muscle layers are not altered significantly. These results demonstrate that receptor binding sites for SP, but not SK or NK, are ectopically expressed in high concentrations (1000 -2000 times normal) by cells involved in mediating inflammatory and immune responses. These data suggest that SP may be involved in the pathophysiology of inflammatory bowel disease and might provide some insight into the interaction between the nervous system and the regulation of inflammation and the immune response in human inflammatory disease.
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identified within a subpopulation of these sensory neurons (1) . The most extensively characterized of these sensory neuropeptides is substance P (SP), a member of the mammalian tachykinin family ( Fig. 1) , which also includes SK and NK. Though it is clear that SP and SK are expressed by sensory neurons (2) this remains uncertain for NK and derives from difficulty in generating highly specific antibodies for each of the tachykinins since they all share the highly antigenic carboxyl terminus -Phe-Xaa-Gly-Leu-Met-NH2, where Xaa is an aromatic or branched aliphatic amino acid.
Several of these sensory neuropeptides, most notably SP, have been associated with neurons specifically implicated in the conduction of nociceptive information. Thus, intrathecal injection of SP produces biting and scratching behavior [consistent with a role for SP as a peptide neurotransmitter associated with primary afferent nociceptors (3)]; SP release in the spinal cord is inhibited by opiate analgesics (4) H-Arg-Pro-Lys-Pro-Gln-Gln-PHE-Phe-GL-LEU-MET-NH2 (14) . The present report is based on an exploration of tachykinin receptor binding sites expressed in IBD and whether perturbation of this expression is correlated with these diseases.
EXPERIMENTAL PROCEDURES
Radioligands. The radioligands used in the present study were '251-labeled tachykinins purified by reverse-phase HPLC to essentially quantitative specific activity (=2000 Ci/mmol; 1 Ci = 37 GBq). The figures are derived from autoradiograms by using the '251-labeled (mono-iodo) Bolton-Hunter (BH) conjugates of SP, SK, and NK. {BH
BH-SP was a gift from Amersham or was synthesized in our laboratory, whereas BH-SK and BH-NK were synthesized in our laboratory by conventional methods (13) .
Human Specimens. Specimens were obtained within 5 min after removal, embedded in Tissue-Tek (Miles), and placed on dry ice to minimize postsurgical degradation artifacts. In all cases, the diagnosis was independently determined by a pathologist to be either ulcerative colitis, Crohn disease, or histologically normal at the site of resection. The tissue was then blocked, placed on a brass microtome chuck, frozen on dry ice, and processed for quantitative autoradiography as described (14) . The tissue was serially sectioned (30 um), thaw-mounted onto gelatin-coated microscope slides, and stored at -20°C in boxes of desiccant for up to (16) to fix the radioligand to its binding site; these slide-mounted tissue sections were then processed for standard emulsiondipped autoradiography. After these autoradiograms were developed, the sections were placed in Carnoy's fixative for 3 hr, stained with hemotoxylin/eosin (H&E), and mounted with Histoclad. Dark-field or bright-field photomicrographs were then taken of the silver grains or counterstained sections, respectively. By using this approach three complementary images were generated: autoradiograms that were analyzed by quantitative densitometry, the autoradiograms of the emulsion-dipped slides that provided detailed histological resolution of the binding sites, and the counterstained section that allowed identification of the cell type expressing a specific binding site. Controls for chemographic artifacts were generated by performing the binding exactly as described except that the radioligand was omitted from the incubation medium.
Analysis of Data. To estimate quantitatively the density of radiolabeled tachykinin binding sites, microdensitometry with 3H-sensitive film was performed (17) . In all cases, Proc. Natl. Acad. Sci Statistical Analysis. The results were expressed as mean ± 1 SEM and examined for statistical significance by using the Student's t test for independent samples.
RESULTS AND DISCUSSION
Expression of SP and SK Binding Sites in Normal Tissues. In the histologically normal colon moderate concentrations of SP receptors are expressed by the external circular muscle and by smooth muscle cells comprising the tunica media of the large arteries that are just outside of the submucosa (Fig. 2a) (Fig. 4) (Fig. 5). t.,/*$t , u.c. (Fig. 4) . Thus, of the 29 lymph nodes histologically localized in H&E-stained sections from the four cases of ulcerative colitis, 28 expressed very high levels of SP binding sites, whereas 24 nodules localized in normal colon failed to express detectable levels of SP binding sites.
Involvement of SP in Inflammatory Diseases. Although the etiology of IBD remains unknown, recent research into a variety of inflammatory diseases such as arthritis (18) and asthma (19) suggests that the nervous system may exagger-18( ate associated immune and inflammatory responses ingenetically predisposed individuals. The present findings reveal that in a disease state a specific tachykinin binding site for SP appears to be strategically expressed by specific cells that are involved in producing two of the salient symptoms of IBD. These include a hyperactive inflammatory and immune response, often accompanied by abdominal pain.
A key question is whether SP receptor binding site expression by arterioles, venules, and lymph nodules is an etiological factor in IBD or whether it is simply concomitant with the inflammation. One observation that suggests it is an etiological factor is that whereas corticosteroids are effica- (14) (11, 13, 20, 21) . Capsaicin, the active ingredient in red peppers, is known to release SP/SK from the central and peripheral ends of these sensory nerves (2, 12, 20, 21 ) and also appears to produce a set of responses in the GI tract of normal subjects similar to that seen in IBD patients. Thus, ingestion of capsaicin or a similar compound by a subject accustomed to bland food may elicit a crampy diarrhea, which although less severe, is similar to the symptoms presented in IBD patients. Capsaicin-sensitive sensory nerve fibers also appear to be involved in other pathophysiological states such as arthritis (8) and skin disorders, which are among the common extraintestinal manifestations of patients with IBD (14) .
These data support speculation that in some cases of IBD, tachykinins and their receptors may be involved in the pathophysiology of the disease. We suggest that the tachykinin system is involved in the pathophysiology of IBD and that this involvement may be relevant to several critical features: (it) DRG neurons, which are known to innervate the submucosal blood vessels in the GI tract and express SP and SK, alter what they synthesize and release in the peripheral tissues during times of stress (such as the herpes simplex virus), possibly accounting for the increase in the severity of IBD during stress; (it) 
